Bronchial asthma is considered to be a chronic inflammatory disease of the airways. Thus, anti-inflammatory therapy is considered central for its long-term asthma management.
phospholipase A 2 (PLA 2 ) and eosinophil peroxidase (EPO) from Amersham (Piscataway, NJ, U.S.A.). All other reagents used were of reagent grade. 4-(2-Hydroxyethyl)-1-piperazine-ethane-sulfonic acid (HEPES)-balanced salt solution (BSS)/bovine serum albumin (BSA) (pH 7.4) contained 132 mM NaCl, 6 mM KCl, 20 mM HEPES, 1.2 mM KH 2 PO 4 , 1.1 mM CaCl 2 · H 2 O, 1.0 mM MgSO 4 , 5.5 mM dextrose, and bovine serum 1% albumin. HTAs and reference drugs were dissolved in saline containing 10% DMSO.
Extraction and Isolation Dried and powdered FF (6.0 kg) was extracted with MeOH (3ϫ6 l) to yield a solid dark extract (1094.0 g). This was suspended in 10 l of H 2 O for 24 h to produce a precipitate (390.0 g), which (200 g) was subjected to column chromatography on a silica gel column (6.5ϫ85.0 cm) using benzene-EtOAc (9 : 1) as eluant to give fraction 1 (No. 40-54, 33.4 g) and fraction 2 (No. 55-110, 29.8 g). Fraction 1 was also chromatographed on a silica gel column (3.5ϫ41.5 cm) using n-hexane-EtOAc solvent (4 : 6) as eluant to give compound 1 (620.34 mg; yield 0.0103%). Fraction 2 was subjected to silica gel column chromatography (3.5ϫ41.5 cm) using CHCl 3 -MeOH-benzene (4 : 1 : 1) as eluant followed by preparative TLC (MeOH : H 2 O-HAc, 7 : 3 : 0.5) to give compounds 2 (948.24 mg; yield 0.0158%) and 3 (501.48 mg; yield 0.0084%). Compounds 1-3 were recrystallized in EtOH, and their structures were identified as oleanolic acid, ursolic acid, and betulinic acid by comparing their phytochemical and spectroscopic data with previously reported values. [13] [14] [15] [16] [17] HPLC analysis of compounds 1-3 was performed using a Gilson 305 unit (Villiers Le Bel, France) and a Gilson UV 116 detector equipped with a C 18 column (4.6ϫ150 mm, i.d. 5 mm) and acetonitrile : 1.25% phosphate solution (86 : 14 v/v) as a mobile phase at a flow rate of 0.5 ml/min. The purities of compounds 1-3 were; 94.7, 93.9 and 95.7%, respectively.
Animals Pathogen-free male Dunkin-Hartley guinea pigs (250-300 g) were purchased from the HanLim Laboratory Animal Co. (Hwa Sung Gun, Republic of Korea). Animals were housed acclimated for one week in an environmentally controlled-animal facility (25°C, RH 55%, aeration 10-18/h, illumination 300-500 lux). Food (Superfeed Co., Won Ju City, Korea) and water were available ad libitum. This study was performed according to international, national and institutional rules regarding animal experiments, and all procedures were approved by the Animal Care and Use Committee at the Institute for Molecular-Based New Drug Development at Chung-Ang University.
Sensitization Guinea-pigs were actively sensitized to ovalbumin (OVA) by injecting 50 mg in 1 ml of 0.9% saline twice during day 1 (i.p. and s.c., respectively).
10) Twenty-one days after sensitization, 1% OVA (0.1 ml per site) was injected intradermally and skin thicknesses were measured 1 h later. A doubling of skin thickness and the presence of eosinophilia at the injection site was defined as adequate sensitization. 9, 10, 12) Non-sensitized animals were not used. 9, 10, 12) Drug Treatment and Aerosolized-OVA Challenge After measuring baseline airway function before treatment, animals were challenged with 1% OVA inhalation or saline (naive) for 5 min in a double-chambered plethysmograph (HSE type 855, Germany). Sensitized animals were fasted overnight and treated with test drugs, reference drugs, or vehicle 1 h prior to allergen challenge, which repeated twice at 12 and 20 h after the allergen challenge. Thirty minutes before OVA challenge, the animals were pretreated with antihistamine, piprinhydrinate (5 mg/kg) to prevent sudden death due to systemic hypersensitivity. Twenty-five minutes later, each animal was placed in the double-chambered plethysmograph and permitted to acclimatize for 5 min. The animal was then challenged with 10 ml of OVA (1.0 mg/ml in saline) or saline aerosol delivered using a jet nebulizer for 5 min. 10, 12) Measurement of Airway Function The airway functions of conscious guinea pigs were measured using a double-chambered plethysmograph. [9] [10] [11] 14) Briefly, an animal was positioned with its neck extending through the partition between the head and body chamber. Tidal volume (TV), respiratory rate (RR) and specific airway resistance (sRaw) were measured using a volumetric differential pressure transducer (PT5, Grass Co., U.S.A.), a noninvasive respiratory analyzer, and an oscilloscope with polygraph (7E, Grass Co., U.S.A.), before challenge (baseline) and at 5 min (IAR) and 24 h (LAR) after challenge, respectively. Phase displacement was measured at end inspiration during the change to the inspiration and expiration phase. The plethysmograph was linked to a computer for continuous data capture. sRaw was expressed as mmHgϫs and analyzed using the Pennock Program 11) which utilizes: tan qϭwϫRϫC (qϭphase displacement; wϭ2pϫrespiration rate; RϫC is a time constant of the respiratory system; CϭV/P, thoracic gas volume (V)/(P atm Ϫ 47 mmHg).
sRaw was calculated using:
The phase displacement was measured at the end of inspiration during the change to the expiration phase. The plethysmograph linked to a computer for continuous data capture. sRaw was expressed as a percentage of the baseline value before drug treatment. Increases in sRaw were expressed as percentage of baseline values before drug treatment and were compared with control values: Percentage increase in sRawϭ[(sRaw after challenge/sRaw before challenge)Ϫ1]ϫ 100. Furthermore, inhibition in sRaw were expressed as percentage of value of drug-treated group against that of OVAchallenged control group using the following equation:
Measurements of Leukocyte and Chemical Mediators in BALF. Leukocyte Count At 24 h after antigen challenge, animals were sacrificed with Zoletil 50 (a mixture of zolazepam and tiletamine (1 : 1) (20 mg/kg, i.p.)) after measuring lung function parameters. The trachea was exposed and cannulated with a polyethylene tube connected to a syringe, and the lungs were lavaged four times with 5-ml aliquots of Ca 2ϩ and Mg 2ϩ free Hank's balanced salt solution (HBSS) containing ethylenediaminetetraacetic acid (EDTA) (10 mM) and HEPES (10 mM), and bronchoalveolar lavage fluid (BALF) was collected. BALF was centrifuged at 200ϫg for 10 min at 4°C to remove supernatant, and the cells obtained were resuspended in 1 ml of HBSS. Total leukocytes in BALF were determined using a hemocytometer. Cell counts were performed on centrifuged preparations (Cytospin II Shandon Southern Instruments, Pittsburgh, PA, U.S.A.) stained with Wright's stain. A minimum of 300 cells per sample were counted, and were classified as macrophages, eosinophils, neutrophils, lymphocytes, or monocytes based on normal morphologic criteria.
11)
Histamine Assays Histamine levels in BALF were measured using the fluorometric method. 18) Briefly, BALF (1 ml) was transferred to a test tube and H 2 O (1 ml) added. Four minutes after adding 0.4 ml 1 N NaOH followed by 0.1 ml of OPA reagent, 0.2 ml 3 N HCl was added. The mixture was transferred to a 96-well plate, and the fluorescence was measured at 650 nm (l excit 350 nm) using a spectrofluorophotometer (FL600 Microplate Fluorescence Reader, BioTek, U.S.A.).
PLA 2 Assays Using pyrene-labeled phospholipids (10-pyrene PC), PLA 2 activity was measured in the presence of serum albumin using a spectrophotometer at 398 nm (l excit 345 nm). Spectrofluorometric analyses of pyrene phospholipids and fatty acids were performed in reaction solution. 19) 10-pyrene PC was dried under nitrogen and suspended in ethanol at 0.2 mM. The reaction solution was prepared by adding 1 ml of buffer containing 50 mM Tris-HCl (pH 7.5), 100 mM NaCl, 1 mM EDTA, 10 ml of substrate; 10 ml of a 10% bovine serum albumin solution and 6 ml of 1 M CaCl 2 to substrate. The fluorescence of the reaction medium (blank) was recorded and the reaction was initiated by adding BALF. Specific activity was measured in nanomoles per minute per milligram of protein (nmol/min/mg). To calculate specific activities, protein contents were analyzed using BCA protein assay kits (Pierce Co., Minneapolis).
EPO Assay The level of free EPO in supernatant from BALF was used as an index of eosinophil activation, according to the method described by Strath and co-workers. 20) To determine free EPO levels an aliquot of BALF was centrifuged at 200ϫg for 10 min at 4°C, and added to the substrate solution of 0.1 mM OPD in 0.05 M Tris-HCl containing Triton X-100 and 1 mM hydrogen peroxide. OPD was made up as a 5 mM stock solution in water, stored at Ϫ70°C and diluted 1 : 50 with Tris buffer immediately before use. Except when stated otherwise, all incubations were carried out at pH 8.0 in the presence of 0.1% Triton X-100. One hundred microliters of substrate were added to 100 ml of the samples in microtiter plate wells, the plates were then left at 37°C for 30 min before stopping the reaction by adding 50 ml of 4 M sulfuric acid. Absorbances were read at 492 nm using a fluorospectrophotometer (FL600 Microplate Fluorescence Reader, Bio-Tek). Samples containing contaminating haemoglobin in supernatant were discarded. 20) Histological Staining Lung tissues were fixed by inflating the lungs with phosphate-buffered formalin saline using a tracheal cannula to a pressure of 15 cm H 2 O, and were then removed and prepared for staining with hematoxylin and eosin (H & E) before mounting in Canada balsam. The predominant eosinophil/neutrophil infiltration into bronchiolar and bronchichial tissue was assessed according to method of Richard and co-workers.
21) The intensity of the "infiltrating" eosinophil response was graded on an arbitrary scale of 0 to 4 (0ϭno response; 1ϭmild response; 2ϭmoderate response; 3ϭstrong response; 4ϭsever response, as judged by the density of leukocytes infiltrating to the peribronchial and peribronchiolar tissues). Leukocytes were negligible in the bronchi and bronchiolar tissues after saline inhalation in antigen-sensitized animals.
Data Analysis All values are presented as meansϮ S.E.M.s of 6 animals. Statistical significance was determined using the Student's t-test and analysis of variance (ANOVA) followed by the Student-Newman-Keuls method. Significance was accepted for p values of Ͻ0.05. All statistical calculations were performed using SigmaStat plot.
RESULTS

Triterpenic Acids
Reduced sRaw sRaw markedly increased at 5 min (IAR) and 24 h (LAR) after aerosolizedovalbumin (AOVA) challenge in sensitized guinea pigs. sRaw was significantly (pϽ0.01) increased in OVA-sensitized guinea pigs; IAR by 287.64Ϯ20.71% from 3.69Ϯ0.22 to 10.59Ϯ0.36 mmHgϫs, and LAR by 158.69Ϯ10.00% from 3.69Ϯ0.22 to 5.83Ϯ0.35 mmHgϫs as compared with vehicle controls (Fig. 2) .
HTAs showed significant inhibitory activities on IAR increases by OVA challenge in OVA-sensitized guinea pigs in a dose-dependent manner ( Fig. 3 (Fig. 3) . OA (12.5 mg/kg) significantly (pϽ0.05) decreased sRaw by 46.54Ϯ5.90% during IAR as compared with the AOVA control, and OA (50 mg/kg) significantly (pϽ0.05) decreased sRaw by 38.15Ϯ6.99% during LAR as compared with the AOVA control (Fig. 3) . BA (12.5 mg/kg) significantly (pϽ0.05) decreased sRaw by 44.27Ϯ2.80% during IAR as compared with the AOVA control, and BA (50 mg/kg) significantly (pϽ0.05) decreased sRaw by 35.55Ϯ6.90% during LAR as compared with the AOVA control (Fig. 3) . Furthermore, CRO (10 mg/kg) signif- 4) .
HTAs inhibited the recruitment of total leukocytes into BALF in a dose dependent manner ( Fig. 4 Fig. 4; OA; F (5.20) ϭ4.382, pϭ0.027, UA; F (5.20) ϭ  4.169, pϭ0.031) . DEX (5 mg/kg) and SAL (5 mg/kg) also significantly inhibited total leukocytes in BALF (Fig. 4) .
HTAs inhibited the recruitment of leukocytes, neutrophils, and eosinophils into BALF in a dose dependent manner (Fig.  4) . BA (12.5 mg/kg) significantly (pϽ0.05) reduced leukocyte recruitment as compared with positive control (31.28Ϯ0.39ϫ10 5 to 27.32Ϯ0.22ϫ10 5 cells (Fig. 4) . UA and OA (25 mg/kg) also significantly (pϽ0.05) reduced leukocyte recruitment by 16.72 and 15.51% as compared with positive control, respectively (Fig. 4) . Furthermore, UA and OA at a dose of 25 mg/kg also inhibited neutrophil and eosinophil levels in BALF (pϽ0.05), as did BA at 50 mg/kg (pϽ0.05). DEX (5 mg/kg) and CRO (10 mg/kg) also significantly (pϽ0.01) reduced the recruitments of neutrophils, eosinophils, and lymphocytes by BALF, whereas SAL (5 mg/kg) did not (Fig. 4) .
Reductions in Inflammatory Chemical Mediators and Enzymes in BALF by
HTAs AOVA-challenged guinea pigs during LAR showed significant increases in the activities of inflammatory chemical mediators, histamine, EPO and PLA 2 (Fig. 5) . Histamine contents in the BALF samples of vehicle-and AOVA-challenged guinea pigs were 102.08Ϯ3.65 and 406.53Ϯ20.30 ng/ml during LAR, respectively, which was equivalent to an increase of 323.20Ϯ 25.89% in AOVA-challenged guinea pigs as compared with vehicle controls (Fig. 5) .
EPO, a marker of eosinophil activation in AOVA-challenged guinea pigs increased significantly increased by 335.32Ϯ12.11% (12.09Ϯ3.55 to 40.54Ϯ4.24 mU/ml/mg) (Fig. 5) , and PLA 2 activity increased by 319.20Ϯ26.22% as compared with vehicle-controls (2.14Ϯ0.27 to 7.17Ϯ0.61 nmol/min/mg) during LAR (Fig. 5) .
HTAs inhibited the releases of chemical mediators and histamine in a dose dependent manner ( Fig. 5 UA, OA, and BA at a dose of 12.5 mg/kg significantly (pϽ0.05) inhibited histamine release into BALF (32.43Ϯ 6.46, 28.37Ϯ5.97, and 22.74Ϯ0.96%, respectively). However, their activities were lower than those of DEX (5 mg/kg) and CRO (10 mg/kg) (64.69Ϯ6.11 and 65.28Ϯ9.33%, pϽ 0.01, respectively).
UA and BA at a dose of 25 mg/kg significantly (pϽ0.05) reduced EPO activity (58.64Ϯ4.64 and 40.91Ϯ8.94%, respectively). However, their activities were less than those of DEX (5 mg/kg) and CRO (10 mg/kg) (activity reductions of 87.79Ϯ7.07%, pϽ0.01 and 64.42Ϯ5.22%, pϽ0.05, respectively).
UA and OA at 12.5 mg/kg significantly decreased PLA 2 activity (by 31.98Ϯ5.18% and 29.96Ϯ8.33%, pϽ0.05, respectively), but their activities were lower than those of CRO (10 mg/kg) and DEX (5 mg/kg) (activity reductions of 70.28Ϯ8.33%, pϽ0.01 and 61.69Ϯ7.21%, pϽ0.05, respectively).
Histopathological Change Attenuations by HTAs The lungs of AOVA-challenged guinea pigs showed eosinophil and neutrophil recruitment in the alveolar sacs, peripheral vasculature, and terminal bronchioles, and the pavement of leukocytes in venules and arterioles (Fig. 6B ), compared to vehicle-treated controls (Fig. 6A) , which is consistent with previous reports. 12, 22, 23) Lung of vehicle controls at 24 h after saline challenge showed a normal structural architecture, and no inflammatory cell infiltration around terminal bronchioles (Fig. 6A) . In contrast to naïve animals, AOVA-controls showed recruitment of neutrophils and eosinophils at 24 h after exposure of aerosolized-OVA (Fig. 6B) . UA administered at 50 mg/kg reduced leukocyte recruitment in alveolar sacs at 24 h after exposure of aerosolized-OVA (Fig. 6D) . OA at 50 mg/kg ameliorated inflammatory changes at 24 h after exposure to aerosolized-OVA (Fig. 6C) , and BA at 50 mg/kg ameliorated leukocyte infiltration into alveolar sacs at 24 h after exposure (Fig. 6E) . Lung of UA, OA and BA (50 mg/ kg)-treated guinea pigs significantly (pϽ0.05) inhibited not only the infiltration of inflammatory cell, particularly, eosinophils and neutrophils in the alveolar sac and the peripheral vasculature by about 30%, respectively (Table 1) .
DISCUSSION
We developed a guinea pig model of IAR and LAR through the inhalation of AOVA in OVA-sensitized guinea pigs. We pretreated all guinea pigs with an antihistamine, piprinhydrinate (5 mg/kg), without using an adjuvant such as Al(OH) 3 , to prevent sudden death due to systemic hypersensitivity. 9, 12, 22) This asthma model, produced by inhalation of aerosolized antigen, is similar to the antigen delivery route in human asthma.
23)
The values we obtained through measurement of sRaw via two-chambered plethysmography encompassed both pulmonary and nasal resistance, and indicated significant narrowing of bronchi and bronchioles during LAR in this model compared to saline-challenged controls. 22) The AOVA challenge in OVA-sensitized guinea pigs increased sRaw during IAR and LAR by 2.87 and 1.58 times, respectively, versus saline control (pϽ0.001) as compared with sRaw before The lungs of the OVA-controls at 24 h after exposure to AOVA showed neutrophil and eosinophil recruitment (B) compared to negative controls which have normal architecture and no inflammatory cell infiltration in terminal bronchioles (A). Lungs of guinea pigs treated with oleanolic acid (50 mg/kg) at 24 h after exposure to AOVA exhibited less recruitment of leukocytes in alveolar sacs (C). Lungs of guinea pigs treated with ursolic acid (50 mg/kg) at 24 h after exposure to AOVA seemed to be improved with respect to inflammatory changes compared to AOVA controls (D). Lungs of guinea pigs treated with betulinic acid (50 mg/kg) at 24 h after exposure to AOVA exhibited mild leukocyte infiltration around bronchioles (E) (H & E, original magnification: ϫ100).
challenge (3.35Ϯ0.29 mmHg/s) (Fig. 2) . Furthermore, BAL and subsequent histopathological studies of control animals showed that the recruitment of leukocytes, particularly eosinophils and neutrophils, into the lung increased by 2.53 and 8.43 times (Fig. 4) , respectively, similar to the results of studies examining segmental challenge in the human lung. 23) This asthmatic model was used to evaluate the comparative effects of oral administration of HPAs and reference drugs on sRaw, and recruitment of leukocytes and chemical mediators in BALF during LAR. HPAs orally administered at a doubling dose were used to determine the standard dose for humans, in spite of inhalation treatment using the reference drugs in humans.
During preliminary studies, the MeOH extract of FF was seen to exert anti-asthmatic effects that significantly inhibited sRaw during IAR and LAR (data not shown). Thus, a further study was conducted to isolate the anti-asthmatic constituents of FF by activity-guided fractionation. This yielded three HPAs, OA, UR, and BA. In the present study, all three triterpenic acids significantly inhibited sRaw during IAR and LAR in a dose dependent manner. All HPAs administered at 12.5 mg/kg significantly inhibited sRaw during IAR, whereas HPAs administered at 25 mg/kg significantly inhibited sRaw during LAR (Fig. 3) . Furthermore, all HPAs administered at 12.5-25 mg/kg significantly inhibited total leukocyte recruitment by inhibiting eosinophil and neutrophil recruitment in BALF. However, their activities were lower than those of CRO, SAL, and DEX (Fig. 4) . In addition, all HPAs significantly inhibited the histamine content and activities of PLA 2 and EPO in BALF, whereas BA had fewer effects on the activities of PLA 2 and EPO than on those of OA and UA (Fig.  5) . These results indicate that HPAs exert significant antiasthmatic activity during IAR and LAR in this asthma model, probably due to the inhibition of leukocyte recruitment, particularly of eosinophils and neutrophils, and histamine content and PLA 2 activity in BALF. These may act as mast cell stabilizers and bronchodilators in FF, indicating a potential herbal medicine for treatment of inflammatory diseases through the downmodulation of mast cell activation. 24) However, all HPAs were less active than reference drugs in this asthma model, and further study is required to evaluate the associated rates of gastrointestinal absorption.
The reference drugs, CRO (mast cell stabilizer), steroid, and SAL (b 2 -agonist), were observed to significantly inhibit sRaw during both IAR and LAR in our guinea pig asthma model. These effects are similar to their effects in human asthma, but SAL was less active than the other reference drugs during LAR. SAL was observed to inhibit the recruitment of leukocytes, but not the histamine content and activities of PLA 2 and EPO in BALF. These results suggest that the contraction of airway smooth muscle characteristic of LAR development may be involved along with other factors, and that the oral administration of SAL, in spite of inhalation treatment, may explain the lesser effects of SAL on LAR observed in this model compared to human asthma. 22, 25) CRO (10 mg/kg, p.o.) significantly (pϽ0.05) inhibited sRaw in both IAR and LAR in this asthmatic animal model, whereas absorption of CRO from the gastrointestinal tract is very poor in human and CRO at 2 mg inhaled four times daily has anti-asthmatic effect in human. 26 ) So therefore we believe that the gastrointestinal absorption of CRO in guinea pig can be different from that in human, and at the low blood level of CRO may inhibit the chemical mediator release from bronchial mast cells and the activation of leukocytes. 26) Furthermore, BA significantly inhibited sRaw during both of IAR and LAR. BA administered at 12.5 mg/kg significantly inhibited the recruitment of leukocytes, histamine content and EPO activity in BALF, but BA administered at 50 mg/kg hardly inhibited PLA 2 activity in BALF.
In conclusion, we observed anti-asthmatic effects of HPAs in a guinea pig asthma model. Many plants contain HPAs, a large class of plant secondary metabolites that exhibit various inhibitory activities on inflammation. Further study of the structure-activity relationships of HPAs are warranted. 
